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AT KLGE SUBSOPJIC S-PIZZDS OF TEE STA!FIC 

STABiLlXY CEARk3ERISTiCS OF A MODEL 

By Albert G. Few, Jr. 

An investigetion bas been yade i.~! Yne Lansley high-speed 7- by 
m 10-foot tunnel of various t a i l  configxratiol?_s  used i n  conjunctio_n_ with 

a model neving e i the r  an unswegt wing or 2 w i r g  of moderate sweep (cropped- 
de l t a  w h g ) .  The t a i l   con f igu r r t i ons  i-n_clu&ed a horizontal t a i l  et the 
top of  the  vertFcal t a i l  for two t a i l  lengti-3, a horizo-n-tal t a i l  i n  the 
plane of the wi-ng at  a rather  long t a F l  length, and some combi-mtions of 
high md low horizontal tails (cal led bitails). The cropged-delta ar-d 
unswept whgs were of aspect   ra t io  3, had taper   ra t ios  of 0.ib md 0.20, 
respectively, a d  had streanwise section  thicknesses of 6 gercent m d  
4 perce-n-t of the chord. Test Mach nuqbers rmged frox 0.80 t o  0.92, with 
correspor-dir?g Reynolds raibers rmxi-n-g from  =bout 4.0 x 106 to 4.2 x 106. 

& 

None of the t a i l  arrengexents  used  with  the  aswept w i n g  vas capable 
of prodtucip! essent ia l ly   l ine-  pitchi-ng-moment curves for the  conglete 
xodel. In  general, the large inc rease   i n   s t ab i l i t y  at the  higher lift 
coelFicFe-n_ts, vhich was contributed by the unswept-ving-body combination, 
s t i l l  was ref lected to  sone  degree in   t he  complete-nociel character is t ics .  

Reasombly  linear pitching-xioment ckmracteristics were obteined w i t h  
several  %ail axrulgements i n  co-n_junction Wi-Yn the  cropped-delta-wing 
model for  which the ta i l -off   chzrEcter is t ics  were quite line=. A s l igh t  
tendency tow.& pitch-uz,  near maxinun liTt a% a Mach amber of 0.80 with 
the high t a i l  and long teil ler-gth was al leviated by moring the t a i l  for- 
w a r d ,  although  with  soxe  associated loss in   s tabi l izer   effect iveness .  
The b c t z i l  arrangements provided the most nearly  l ine= pitching---en% 
curves,  but a t  some expense i n  drag. 
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INTRODUCTION 

The tender-cy of airpl&nes  with swelstback wings  to  exhibit   longi- 
tad-inai  insta3ll i ty (or pitch-ug) at high l i f t   c o e f f i c i e n t s  h&s i n  m y  
instazczs  beer  allevisted by tke use  of  such  devices es wing femes,  
chord  extensions, or  leeding-edge f l a p ,  or by placiDg the  horizontel 
tsil i n  a low position. (See r e f s .  1 t o  5 .  ) The stabil i ty  character-  
iEtlcs  result ing  fron  these approaches are  not always sat isfactcry,  how- 
ever, E d  it therefore is desirable t o  investigate  other  design  approaches. 

Recezt t e s t s  e3 high  s~&sonic  sgeeds  (ref. 6) have silown that   cer ta in  
whg  pla .?  forms in  conjumtion  with a T - t a i l  azrengenent exh ib i t   f a i r ly  
llzear pltching-mmnt  characteristics  throrgh  xost of the  l i f t -coeff ic ient  
rarrge except  the  high c g l e s  of attack as the t a i l   e n t e r s  a d  passes 
thrrougk: the wicg wake where large  variat.ions  in downwesh  arLd dyn&Tic gres- 
sure m y  exist. For high tails, however, t'ne m&le of attack at which 
the t a i l  ecters  the wing w a k e  imreases considerEbly wi%h decreases i n  
t a i l   l e c 4 t k  an& therefore a reductlon  in t a i l  length mey inprove the char- 
ac t e r i s t i c s  & high  a?gles of ztteck. 

s 

F- Ine xain purpose cr" the  ?resent  illvestigetion  therefore I s  t o  &ter- 
mice the  effect  of horizo&al-tail  Ic-ngth on the stztic longi t -d ina l  
s ta3 i l i ty   chmacter l s t ics  or' a cowle te  nodel hav-hg 2 T - t a i l .  The model 
was tes ted w i t h  both e crcpped-&Ita md m. uns-wept w i n g .  In   a idi t ioh t o  
the   T- ta l l ,   t es t s  were arso lmde with a low t a i l  (on wing chord  plane) 
and e b i t a i l  wrwgenezL  xfth  both t h e  T - t a i l  a d  the low tail .  The 
b i teL1 was t e s t ed   t o  determine the degree t o  which tne  nonlinear  pitching- 
moment charecterist ics of hi@ m d  low tails can  be corn'oined to   c rea te  
essentially  l ine-  characterist ics.  The cropped-delta a d  unswept wings 
hEd a q e c t   r a t i o s  of 3 m d  t aper   ra t ios  of 0.14 and 0.20, refpectively. 
The sec t ion   th ichess  of the cropTeC-delta wing was 6 percex% of the 
stremwiee chord;  whereas, %he secticn  thickress of the  mswept wing was 
4 percer-t of the s-lreamxise  chord. Test h c h  rccibers  ranged from 0.80 
t o  0.92 witP correspsnEing Reynolds n-mkers  rapging from about 4 .O x 10 6 
t o  k.2 x 10" based on the mean aeroQcxnic chord of the w i q s .  

ii 

All dzte   we  presented  with  respect   to   the  s tebi l i ty  system of axes 
&s s n o m ~  i n  figure 1. The pitching-ramen% coefficients are referred t o  
%?-e qxr%er-chord  goint of the  wirg mean aerodynzTdc chord. Symbals are 
d"" E& l"ol1ows: 

lift coefficien5, - L i f t  
a_s 
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pitching-xoment coefficient,  Pitching nonerrt 

qS E 

Qnamic  pressure, - Pv2 lb/sq ft 
2' 

riss deasity of air, si.cgs/cu ft 

free-stre.=n velocity,   f t /sec 

Mach  number 

wing area, sq f-L 

l o c d  cbord pare l l e l  to p l m e  of synetry, I"t 

root c'nord, f-t 

~ i p  chorb, I"t 

taper   ra%io 

L 

vertical-tail n;ee aerodpenic  chord, ft 

wing span, f t  

spm-wise dlstance r'rom plene of s-ynmetq-, St 

engle of attack, deg 

horizontal-tail  incidence ar_gle, deg 

asgect r & i o  

sweep of half-ckord l ine ,  de& 
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sweep o?' quarter-chord  line, deg 

horizorbal-tail  length,  distance from quarter chord of wing 
rrean aerodyllamic chord to   quarter  chord of horizor-tal-tail 
mean aerodp-&Tic  chord, in.  

vertical-tail   length,   distance from quarter chord of wing xean 
aerodynm5.c  chord to   quar te r  chord of ve r t i ce l - t a i l  mean aero- 
~YZEI.?.T?.;LC chord, in .  

wing 

f us e lage 

ver t ica l  tai l ,  2t,v = 6.89 in.  

high  horizontal   tai l ,  Zt = 10.28 in .  

ve r t i ca l  teil, I tyv = 15.29 in.  

high  horizontal tai l ,  Z t  = 18.68 in. 

low horizontal tai l ,  2% = 20.01 in.  

Details of the   t es t  model are  given  in figure 2 and a photograph of 
the node1  mo-ated on the  sting-type  support  systen is shown as figure 3. 
With th i s   s t i ng - sqpor t  Bystern, tine mdel can be remtely  operated through 
an angle-of-attack  range of about -2O throwh 24O. Both the  cropped-delta 
and  unswept  wing (&/2 = Oo) were rsde of a1urnin.m and had an aspect   ra t io  
of 3.  The taper   ra t ios  were 0.14 and 0.2C for the  cropped-delta and 
-mswept w i - g s ,  respectively. Tile cropped-delta wing had NACA 63A006 air- 
fsil sect ions  paral le l   to   f ree  stream, while  the  uswept wing had NACA 
65.4004 a i r f c i l   s ec t ions  ir_ a streamwise direction. The ver t i ca l  and 
horizontal tails were nade of s t e e l  covered  with fiber glass and p las t i c  
ar-d ha& NACA 65~006  a i r fo i l   sec t ions   in  a s t r e m i s e   d i r e c t i o n .  The 
nodel  could  be  tested  with two vefiical-tail   lengths snd the  high  hori- 
z o n t a l   t a i l  (nounted on tile ve r t i ca l  tsil as a T-tail co-digwetion) set 
at e i ther  0" o r  - 3 O  hcidence,  while  the low t a l l  (on wing chord plane 
exfeoded) was f ixed   a t  one t a i l  length ayd Oo incidence. The low tai l ,  
i n  coxbination with the  high t a i l   a t   e i t h e r  t a i l  le-ngth, could 'De tes ted  
as bi ta i l   configmations.  The fuselage was of f ineness   ra t io  10.94 and 
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was constructed or" aluminum The i'uselage  geoxetry,  including  afterbody 
ordinates, is given in   f i gu re  4. -4 six-component e lectr ical   s t ra in-gege 

I balence was nounted i n t e r n a l l y   i n   t h e   f u s e h g e   t o  neesure the  forces and 
norrents presented  herein. 

TESTS 

T'ne sting-supported model was t e s t e d   i n   t h e  Langley  high-speed 7- 
by 10-foot tunnel  through a Mach  number range or" 0.80 t o  0.92, which 
corresponds t o  a Reynolds nmber   rmge  f ron about 4.0 x 106 to 4.2 x 106, 
based on the wing xean  aerodynenic  chord. The angle-of-attack  range 
v a i e d  with  loeding  conditions  (the ?r?aximu% range being from =bout -2O 
t o  24') . L i f t ,  drag, md pitching normst xere  Eeasured by mans of an 
electrical   strain-gage  balance mounted internal ly  i n  the   fusehge .  

- 
Jet-bowdary  corrections t o  the   mgle  of a t tack ami drag were applied 

in  accordmce with reference 7. Blockage corrections were appl ied   to  t h e  

gi tudinal  pressu-re gradient over t k  model ler?gth have been appl ied  to  
the drzg. 

.r data by Yne method of refereoce 8, and corrections  for  the  effects of lon- 

Model support  teres :have not been agplied,  except f o r  a fuselage 
base-pressure Etdjustrnent to t i e  cirzg. The djusted d r a g  data represent 
e. conOition of f ree-s t rean  s ta t ic   pressure &t the fuselege  base. morn 
past e-xperience, it is fe l t  that  the  influence of the  sting  support  system 
on the node1 l i f t  and pitchi93 moxent is very snall. 

The angle  of  atteck has been  corrected  for  deflection of the s t ing  
support a d  belaace syste.?;. under load. Pio ettenFt hEs been made, however, 
to   correct   the   date  for aeroelast ic   dis tor t ion of  -Lie  mociel. 

Fresentetioc of Results 

Ax outline g i v h g  figure lluITibers where the basic-aerodynamic dzta 
can be found is give3 as table I for the various cornfigurations tested, 
and f -aures   re la ted t o  analyses or" Yne resul ts   me  presented as I"ol1ows: 
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Figure 

Effect of t a i l   l e n g t h  on the t a i l  contribution  to  pitching 
moment; it = 00 . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

Effect of vmious t a i l  arrangenents on the t a i l  contribution 
t o  >itching-moment coeff ic ient   for   the model with a cropped- 
de l ta  wing;  it = Oo . . . . . . . . . . . . . . . . . . . . . . .  28 

Effect 02 Mach nurrber  on the rate of change of  pitching- 
mxent  coefficient  with l i f t   c o e f f i c i e n t  at zero- l i f t  
coefficient; it = o0 . . . . . . . . . . . . . . . . . . . . . .  29 

Effect  of t a i l  length on the  s tabi l izer   effect iveness  . . . . . . .  30 
Effect of t a i l  location on the drag at  zero-lif t   coefficient;  

% = O O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

All wing-off data, l i f t ,  drag, and pitching-moment coefficients 
presented  herein  are  based on the cropped-deltz. wing geozetry. 

Pitching-Moment Characteristics 

General  discussion.-  Figures 5 and 6 present  the  effect of horizontal- 
t a i l  length on t ? e  pitching-mment  characteristics of the model with a 
cropped-delta wing and high  (atop  vertical  ta i l )  horizontal-tail   posi-  
t ions.  For the  range of Mach nuniier investigzted, a reduction  in 
horizontal-tail   length  resulted  in somewhat xore l k e a r  pitching-moment 

c-nves;  altnough, as was expected,  both  the  low-lift  stability 

and the  stabil izer  effectiveness were redmed. (See f igs .  29 and 30. ) 
A mre  desirable  nigh-tail   configuration from considerations  of both 
s t a b i l i t y  a d  controllability,  pro3ably  could be  obtained  with a t a i l  
length between the two leraths  investigzted. The addition of a low 

! horizontal tsil (on the wing chord  plane  extended) i n  conjunction  with 
the high  horizontal t a i l  t o  fo-rx a bi ta i l  arrangement  provided further 
ixprovement in   t he  pitching-moment curve l i nea r i ty  through  the l i f t -  
coefficient  range  (figs. 7 and 8). For the most part,  the b i ta i l  con- 
f ig-nat ions show soxe Increase  in   s tabi l i ty  w i t h  increased angle of 
&tack,  especially wheE the   t a i l   l eng th  of the  high  horizontal t a i l  is 
reduced.  This cbac ter i s t ic   ( increase   in   s tab i l i ty   wi th   increased   angle  
of  attack) i s  sh?ilar to,   but rare mderate  than, that noted l o r  the 
cropped-delta wing with a low horizontal t a i l  as shown in   f igure  9( a) .  

b 
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It is interest ing  to   note  tmt figure  g(a)  indicates %he horizontal- 
tail-off  gitching-marent  characteristics  for  the  cropped-delta wing t o  be 
somewhat influenced by the longitudinal  position or" the   ver t ice l  t a i l  on 
the   f iselage.  Wit'n the   ver t ica l  t a i l  'm the  forward  posit ion,   significmt 
reductions  in  pitchirg-moaent  coefficient  for a given mgle of a t tack 
over that rea l ized   for  the v e r t i c a l  t a i l  i n  the rearward  position is noted 
a t  moder&e t o  high angles of attack  through  the Mach n u d e r  range  inves- 
kigeted.  Similar  trends are noted  for  the  horizon%al-tail-off  pitching- 
noxeat character is t ics  for the unswept wing i n  Tigures 10 and E. Results 
obtained with both  the  norizoctal  and the   ver t ica l  tails reEoved, although 
z"ot presented  herein, were 3om-d t o  be Fn alroost exzct agreement with  the 
resul ts   presented  for   the aft vert ical- te i l   locat ion.  The reason  for  the 
r a t h e r   l u g e  e2r"ec-t indicated  for  tne forward ve r t i ca l  t a i l  is not estab- 
l ished by these   t es t s .  It is Izoted,  however, that the  forward  vertical 
t a i l  ovsriaps  the wing trailir!! edge by an aggreciable  distmce. It is  
posslble,  therezore, that for this   locat ion,  the ve r t i ca l  t a i l  in&uces 
positive  increyents of gressure on the  upper surface of the  rear   port ion 
of the wFng, thus  reducing  the nose-down tendency. Anot'ner poss ib i l i ty  
is t'nat the v e r t i c a l  t a i l  may d t e r  the pressure  distributio-n- on the 
r e a  par t  or" t'ne fuselage. 

# 

I 

Sone ef fec ts  of horizontal-tail   length OD. the  pitching-noment c b -  
* ac te r i s t i c s  of the model with an unswept w i n g  (&/2 = 00) aTld high hori- 

zontal t a i l  me presented  in  Tigcres 10 and 11. The stable breaks i n  
the pitching-momect cu-rves f o r   t h i s  wing, which generally  occur at about 
the  l i f t  coef2icien.t; where e reduction  in  l if t-curve  slope takes place, 
are character is t ic  of both  horizontal-tail  lerg%hs investigated  through 
the Mach mmber r a r e .  In  general ,   th is   large  increase  in   s tabi l i ty  which 
vas contribute&  by the wing-body conbination s t i l l  was ref lec ted  t o  sone 
degree fo r  a l l  horizontal- ta i l  mrar-genents (figs. 10 t o  13). However, 
the  unstable  breaks  noted a t  a Mach  number of 0.80 ( f ig .  10) and at high 
angles of .&tack, w e l l  above the l i f  t-curve breaks noted i n   f i g u r e  18( a), 
are  sonewhzt a l leviated by t5e  reduction  in  horizontal-tail   length.  
-Additional improvements i n  the gitching-moment cheracter is t ics  above the  
lift-cu-rve  break are reelized  with  the bitail  configuretions as indicated 
in   f igures  I 2  and 13. 

Ilorizontel-tail   contribution -Lo pitching xoment.- To fur ther  inus- 
t r a t e  tine e f fec ts  ol" t a i l  length on t i e  pitching-noment character is t ics ,  
especially a t  high  engles of attack, the  contri i iution  to  the  pitching 
nomzrt by the horizontal t a i l  (C,) is presented in   f i gu res  27 end 28. 
In  general, the coatribution of the  high  horizontal t a i l  to   p i tch ing  
moxent ( f ig .  27) f o r  t h e   m d e l w i t h  reduced taSl length had a less pro- 
zlounced decrease a t  the  high a.t-!!les of a t tack and a Mack nm-ber of 0.80 
than  that  f o r  the  xodel wikh e, greater t a i l  lerath.  For the  high tail, 
then, it muld appezr that the  angle of a t tack of the model at which t'ne 
horizontal t a i l  enters  the  region of  increased &ownwash c m  increase con- 
siderably with decreases  in t a i l  lengt'n. F i g a e  28 presents  the  contri- 
bution t o  the  pitchlng mocent by the low, high, m d  bi ta i l  co-eigurations 
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i n  conjunctiolz  with a cropped-delta x3-w at Mach n-mbers of 0.80 and 0.92. 
In  addition, the bitail Contribution  est5mted by adding the  contribution 
of the  high t a i l   t o   t h a t  of the low t a i l  alone i s  compared with  the meas- 
ured bitail contribution.  Figure  28 i-ndic.ztes t h a t  less  interference 
between the two tails m y  exis t   for   the  short  t a i l  length,  parrticulzrly 
a t  a Mach number of 0.92. It should be pointed  out t'nat t h e   b i t a i l  was 
formed simply by combining tne  high and low tails used fo r  the single- 
t a i l  corn-igurztions. If an actual  design of a bi ta i l  should be considered, 
it is l i ke ly  that the   t o t a l  t a i l  area would be reduced, and probably  the 
re la t ive   s izes  of the  high and low tails would be altered. 

k 

Pi t ckhg  mrnect at zero l i f t . -  There existed a positive  pitching- 
xorr-ent increrxent et zero l i f t  for the  high  horizontal t a i l  and b i t a i l  
arrangelrents at it = 0' through the Xach nmber  range  investigated  for 
both wing plan f o r m  as skown in   f igures  5 t o  13. A r eauc t ion   i n   t a i l  
l ength   redxed   th i s   posf t lve   vake  of pitching-momezt coefficient at zero 
l i f t   f o r   t h e  high tail ,  b ~ t  Tor the  bitail arrengement a reduction i n  
the  hlgh t a i l  length  increased  the  positive vall-ze o f  pitching nomerrt at 
zero l i f t .  The  low horizontal t a i l  which was rnounted  on the wing chord 
l i n e  extended of the  cropped-deltz wi-rg plm form provided no s i g n i f i c m t  
2itching-momect coefficient a t  zero l i f t  ( f ig .  g (b) ) .  Wing-off t e s t s  % 

with  the  Xgh  horizontal t a i l  ir-dicated  out-of-trix monents of the same 
order  of rEg:litude as that with the wing  on, as inaicated  in  f igure 14. 
Tile ver-tfcal-tell   profile inducir_g negetive  pressvies on the lower SUT- 
face of the  high  horizontal t a i l  (a top  the  ver t ical  tai l)  could be an 
explanation  for  this phenomenon as has  been pointed  out in  reference 1. 

h 

Aerodpadc  center.-  Soze e f fec ts  of horizontal-tail  length on the 
Eerodynmric center through the Mach  number range  investigated for  various 
configlzatlons  are sh0.m- ir. f igure 29. For the   ta i l -off  and low-tail 
configurations  only  the  vertical t a i l  was noved fore and a f t ,  and th i s  
ckmge in   ver t ica l - ta i l   loca t ion  on the  fuselage  poduces some sm2ll 
changes i n  aerodyrrzxic cer,ter  with Mach nmber.. For the  high  horizontal 
t a i l  aad bi ta i l  wrmGerxents, the change i n  aerodynamic center with Mach 
zum3er i s  about  the saxe as t h a t  w i t h  t a i l   o f f   fo r   t he  cropped-delta wing 
plan form. The c h g e   i n  aerodyr-mic  center w i t h  Mach  nuniber of the  
uswept wing plan form for  the  high-tail  a d  bi ta i l  configurations wes 
not 2 s  great as tha t  with t a i l  oTf. The reduction ir, stability dlJe t o  
decreased  horizontal-tail  length i s  about  constant through tne Mach nun- 
ber  racge for a l l  cor&'igu-rations imest igated and the change i n  t a i l  con- 
t r iba t ion  is aboxt proportionel  to t a i l  length. 

Stz5ilizer  effectiveness.-  Figure 30 pesen t s ,   f o r  a Mach  num'oer 
of 0 . b  and 0.92, some effects  of t a i l  length on the  stabil izer  effec- 
tiveness  in  cmjunction with the cropped-Celt& and unswept wing plan 
forrrs. A reduct ion  in   ta i l   length produces the  expected  decrease i n  
stghilizer  effectlveness a t  a constmt  l l f t   coeff ic ient   for   both a Mach 
number of 0.80 and 0.92. Generally  speaking,  the  reduc$ions in   s t ab i l i ze r  v' 
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effectiveness due t o  decreased t a i l  length 
f i c i en t s  than at low l i f t  coefficients.  

i 

9 

were larger  at high l i f t  coef- 

L i f t  .znd Drag Characterist ics 

L i f t  mci drag chmacter i s t ics  for the  various xociel configurations 
=e presented  in  figures 15 t o  20 and figures 21  t o  26, respectively. 
Lift-curve slopes e drag due t o  lift o f  the  wing-fuselage  vertical- 
%eil coEfigurations  for  the wings t e s t ed   he re in   hve  been reported  in  
reference 6 md comequeritly  need no furt'ner  discussion  in  this  pager. 

It should be pointed  out t'mt the two stabilizer  incidences tested 
did not  provide  sufficient  data for en evaluation of the   e f fec ts  of 
horizontal-tail   length on the  tr ia-drag  chaxacterist ics of the mociel 
tested in the  investigation; however, a decrease i n  t a i l  leng-bh would 
be e a e c t e d   t o   r e s u l t   i n   i n c r e a s e s   i n   t h e  trim-&% as w a s  indicated i n  
reference 5.  

12 orcier t o  illustrate sore ef fec ts  of t a i l  lengtn oz1 the  drag et 
zero-lif t   coefficiext,  comparisons of' various  configurztions have been 
m d e  fo r  r e  Msch  number range  investigated and are  presented in f ig-  
ure 31. In  general, a reduct ion  in   tz i l   length  provides  sone increases 
in  drag .=t zero-l i f t   coeff ic ient  as the Mach  number increases fro= 
&out 0.85 t o  0.92 Tor both wings tes ted.  The d r e - r i s e  Mach  number is 
somewhat lower f o r  the bitail arrangenenh  than f o r  the   s ing le- ta l l  
errangem-ents, alt'nough, within  the speed. range  b-vestigated  the differ- 
ence i s  small when the  bi-lail   includes  the  long  tafl   length of the upper 
surf ace. 

An- investigation &t high  subsonic  speeds of the static longitudinal 
s tab i l i ty   chasac ter i s t ics  of e model having  both  crogped-delte and unswept 
wi-ng slm forms urd several   horizontzl-tail   locations  indicates t'ne fo l -  
lowing resu l t s .  

None of the t a i l  a r rmger in ts  wi-th the unswepi; wing was capable of 
prodxcing essent ia l ly   l ine= pitching-moment curves fo r  the c o q l e t e  
zodel. I n  general, t'ne large  increase i n  s t a b i l i t y  at the higher l i f t  
coefficients, which was contrib-iAed  by the  msvept  wing-body combination, 
s t i l l  WES re f lec ted   to  some degree i n   t h e  complete-no&el character is t ics .  

Reasonably l inear  pitching-moment characteristics  vere  obtained with 
severel  t a i l  arrarrenents  in  conjunctioa wi-th the  cropped-delta w i n g  for 
which the ta i l -off   character is t ics  were qui te   l inear .  A s l i g h t  tenciency 
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toward  pitch-up  near ~lla;ckm l i f t  witin the  high t a i l  and lor& t a i l  length 
was alleviated by moving %he ta i l  forward, although  with some associated I 

loss in   s tzbi l izer   e l fect iveness .  The b i t a f l  arrzngements prov5ded the 
mxt nearly l i n e s  pitchirg-zomen-b curves,  but at soxe penal t ies   in  drag. 

Langley Aeronmtical  Laboratory, 
Nztional Advisory Comrittee for  Aeronautics, 

Lar-gley Field, Vz., September 16, 1955. 

c 

. 
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(a) Three-view drawing of model with a cropped-delta wing. 

Figure 2.- Geometric characteristics of the t e s t  model. (All dimensions 
are in inches. 
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(b) Unswept wing. 

Figure 2. - Contir-ued. 
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(c Eorizontal-  and  vertical-tail locations. 

Flame 2. - Concluded. 
c 



Figure 3. - Model mounted on the sting-support  system. L-83149 
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Figure b . -  3xelage  dinenstons i n  inches;  fineness ratio, lO.glC. 
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Figcrre 6.- Variation of pitching-mnent coefficient with lift  coefficient 
for  the model having s. high tail and cropped-delta wicg. 
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Figure 7.- Vzriation of gitching-mEnt coefficient with angle of attack 
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Figure 7.- Continued. 

NACA RM L55123a 

8 

M 

.85 

.85 



. 

.a9 

.04 

0 

-04 

-.E 

-.I6 

M 

.so 

-4 0 4 8 l2 16 2D ,W 

Angle o f  of tuck, a, &g 

.so 

(c) &I = 0.90. 

Figure 7.- Continued. 



.08 

.04 

0 

-04 

-08 
8 

- 4  0 4 8 12 16 20 24 
Angle of uffack, a,deg 

(d) M = 0.92. 

Figure 7. - Concluded. 

Jv 
92 

.92 

Y 



. 

. 
t 

.OB 

-04 

0 

. a4 
708 

-I2 

-. I6 

7 2 0  

724 

M 

.80 

.80 

-4 -2 0 2 4 .6 .8 ID d2 
L i  f t coefficienf ~ C, 

(a) M = 0.80. 

Figure 8.- Variation  of pitching-Eoment coefficient w i t h  l i f t  coefflciert 
for the nodel with E b i t a i l  and  cropped-delta wing. 



NACA RM ~55123a 

M 
.85 

-85 

- A  -.2 0 .2 4 .6 .8 LO /2 
Ll f f  coefficient, CL 

(b) M = 0.85. 

Figure 8.- Continued. 

e 



.08 

.04 

0 

:04 

-.08 

-. 12 

-.I6 

-4 72 0 .2 4 .6 .8 LO /12 
L l f f   c o e f f i c i e n f ,  C, 

( c >  M = 0.90. 

33 

M 

.90 

90 

Figure 8. - Continued. 



3 
\c 

I 

.OB 

04 

0 

704 

-.m 

-./2 

-4 -2 0 .2 4 .6 .B LO /.k 
L i f f  coef flcient , C, 

M 

,92 

a -  

4 

.92 

I 

(d) M = 0.92. 



0 

0 

0 

35 

M 

.92 

.90 

-85 

.80 

-4 0 4 8 1.2 16 20 24 
Angle o f  affock,a,deg 

(a) C, plotted  against  a. 
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